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Description 



Capacitance Acceleration Derivative 

Detector 

Background of Invention 

[0001] The present invention relates generally to accelerometer 
systems, and more particularly, to a capacitance accelera- 
tion derivative detector.lt is well known that capacitive ac- 
celerometers measure the acceleration, vibration and the 
inclination of objects to which they are attached. These 
objects typically include missiles, spacecraft, airplanes 
and automobiles. 

[0002] | n general, capacitive accelerometers change electrical ca- 
pacitance in response to acceleration forces and vary the 
output of an energized circuit. Capacitive accelerometer 
systems generally include sensing elements, including ca- 
pacitors, oscillators, and detection circuits. 

[0003] The sensing elements include at least two parallel plate 
capacitors functioning in differential modes. The parallel 
plate capacitors generally operate in sensing circuits and 



alter the peak voltage generated by oscillators when the 
attached object undergoes acceleration. 

[0004] when subject to a fixed or constant acceleration, the ca- 
pacitance value is also a constant, resulting in a measure- 
ment signal proportional to uniform acceleration. 

[0005] This type of accelerometer can be used in a missile or in a 
portion of aircraft or spacecraft navigation or guidance 
systems. Accordingly, the temperature in the operating 
environment of the accelerometer changes over a wide 
range. Consequently, acceleration must be measured with 
a high accuracy over a wide range of temperatures. This is 
often a difficult and inefficient process for current ac- 
celerometer systems. 

[0006] The disadvantages associated with current capacitive ac- 
celerometer systems have made it apparent that a new ca- 
pacitive accelerometer is needed. The new accelerometer 
should substantially minimize temperature sensing re- 
quirements and should also improve acceleration detec- 
tion accuracy. The present invention is directed to these 
ends. 

Summary of Invention 

[0007] | n accordance with one aspect of the present invention, a 
capacitance acceleration derivative detector includes a 



housing, and a first plate fixed within the housing. A sec- 
ond plate is also fixed within the housing and spaced 
apart from and in parallel relation to the first plate. A 
flexure plate is disposed between and in substantially 
parallel relation to the first and second plates. The flexure 
plate is coupled to the housing along at least an edge. 
The flexure plate and first plate define a first distance and 
the flexure plate and the second plate define a second 
distance. The first and second distances vary in response 
to acceleration forces acting upon the flexure plate. The 
flexure plate and the first fixed plate generate a first 
charge displacement capacitance signal, and the second 
fixed plate and the flexure plate generate a second charge 
displacement capacitance signal. A first transimpedance 
amplifier receives the first charge displacement capaci- 
tance signal and generates a first scaled voltage signal 
therefrom, and a second transimpedance amplifier re- 
ceives the second charge displacement capacitance signal 
and generates a second scaled voltage signal therefrom. 
An acceleration signal is generated from the first scaled 
voltage signal and the second scaled voltage signal. 
[0008] | n accordance with another aspect of the present inven- 
tion, a method for operating a capacitance acceleration 



derivative detector includes accelerating the flexure plate, 
thereby causing a first distance between the flexure plate 
and a first fixed plate to change and thereby causing a 
second distance between the flexure plate and a second 
fixed plate to change. A first variable capacitor signal is 
then generated, and a first scaled voltage signal is gener- 
ated in response to the first variable capacitor signal. A 
second variable capacitor signal is generated, and a sec- 
ond scaled voltage signal is generated in response to the 
second variable capacitor signal. An acceleration signal is 
generated in response to the first scaled voltage signal 
and the second scaled voltage signal. 

[0009] one advantage of the present invention is that it gener- 
ates a dynamic range of temperature and a granularity 
sufficient for Inter-Continental Ballistic Missile (ICBM) us- 
age. Additional advantages include that the accelerometer 
system consumes less power than prior accelerometer 
systems, while dramatically improving reliability and re- 
duction in manufacturing costs. 

[0010] Additional advantages and features of the present inven- 
tion will become apparent from the description that fol- 
lows, and may be realized by means of the instrumentali- 
ties and combinations particularly pointed out in the ap- 



pended claims, taken in conjunction with the accompany- 
ing drawings. 
Brief Description of Drawings 

[0011] | n order that the invention may be well understood, there 
will now be described some embodiments thereof, given 
by way of example, reference being made to the accom- 
panying drawings, in which: 

[0012] FIGURE 1 illustrates an aeronautical system in accordance 
with one embodiment of the present invention; 

[0013] FIGURE 2 illustrates a capacitance acceleration derivative 
detector system in accordance with FIGURE 1; 

[0014] FIGURE 3 illustrates an equivalent diagram for the variable 
capacitance sensor from the capacitance acceleration 
derivative detector system of FIGURE 2; and 

[0015] FIGURE 4 illustrates a logic flow diagram of the aeronauti- 
cal system of FIGURE 1 in operation, in accordance with 

another embodiment of the present invention. 
Detailed Description 

[0016] The present invention is illustrated with respect to a ca- 
pacitance acceleration derivative detector, particularly 
suited to the aerospace field. The present invention is, 
however, applicable to various other uses that may require 



acceleration detection, such as any system requiring posi- 
tion acceleration detection under extreme conditions, as 
will be understood by one skilled in the art. 

[0017] Referring to FIGURE 1, the missile or aerospace system for 
controlling acceleration 10, including a capacitance accel- 
eration derivative detector system 11 (CADD) within an in- 
ertial measurement unit 13, is illustrated. The aerospace 
system 10 is merely an illustrative example of an acceler- 
ating object and not meant to be limiting. For example, 
the present capacitance acceleration derivative detector 
system 11 could be implemented in any accelerating ob- 
ject to sense acceleration forces, including any type of ve- 
hicle or missile system, such as a Minuteman III missile 
system or a Scud missile system. 

[0018] The illustrated aerospace system 10 includes an inertial 
measurement unit 13 including three accelerometers 
(first) 12, (second) 15, (third) 17 and a serial data bus 18. 
The aerospace system 10 further includes a computer/ 
processor 14, a missile steering unit 16, and a platform 
20. 

[0019] The three accelerometers 12, 15, and 17, are coupled to 
the inertial platform 20 and the serial bus 18, which 
transfers information to a computer/processor 14 from 



the accelerometers 12, 15, 17. 

[0020] important to note is that alternate embodiments of the 
present invention have two or more accelerometers, the 
three illustrated accelerometers 12, 15, 17 are only one 
example of a possible arrangement of accelerometers for 
the accelerometer system 11, and any number of ac- 
celerometers can be utilized. 

[0021] | n accordance with one embodiment of the present inven- 
tion, each accelerometer 12, 15, 17 includes at least one 
transimpedance amplifier, i.e. first 22 and second 24 for 
accelerometer 12, third 26 and fourth 28 for accelerome- 
ter 15, and fifth 30 and sixth 32 for accelerometer 17. 
Each accelerometer 12, 15, 17 is a single axis accelerom- 
eter generating a robust wide dynamic range of perfor- 
mance. The accelerometers 12, 15, 17 will be discussed in 
further detail in reference to Figures 2 and 3. 

[0022] T ne platform 20, whereon the accelerometers 12, 15, 17 
are mounted, may be a single flat platform or gimbals and 
gimbal torque motors (yaw, pitch and roll motors) or any 
other accelerometer or derivative detector mount known 
in the art. Platform control will be discussed later. 

[0023] The processor 14 is coupled to the missile steering nozzle 
(or vane actuators) unit 16, and the platform 20 and will 



be discussed in detail later. 

[0024] Referring to FIGURES 2 and 3, an example of a possible 
configuration for the accelerometer 12 is included as an 
illustrative example of the accelerometers 12, 15 and 17. 

[0025] The accelerometer 12 is part of an inertial measurement 
unit 13 (IMU), as was previously discussed. The ac- 
celerometer 12 includes a shared capacitor sensor 52 and 
housing 53 for the sensor 52, two transimpedance ampli- 
fiers 22, 24, a power supply 60, a differential amplifier 62, 
an analog-to-digital converter 64, a time integrator 66, 
and a digital linearizer and filter 68. 

[0026] The shared capacitor sensor 52 includes a single flexure 
plate 30, two parallel fixed plates 32, 34, and a metal 
housing structure 53. The shared capacitor sensor 52 
generates charge displacement capacitance signals in re- 
sponse to acceleration of the aeronautical system 10, as 
will be discussed later. 

[0027] The flexure plate 30 is positioned between the two fixed 

plates 32, 34 such that the first fixed plate 32 is a first 

distance (d ) from a first side 31 and the second fixed 
i 

plate 34 is a second distance (d^ from a second side 33 
of the flexure plate 30. The flexure plate 30 is affixed to 
the metal housing structure 53 through at least a portion 



of at least one edge 37 of the flexure plate 30. 

[0028] | n the present embodiment, the flexure plate 30 is circular 
and coupled to the housing 53 at only one edge 37. How- 
ever, numerous other shapes are included, as will be un- 
derstood by one skilled in the art. The flexure plate 30 is 
rigidly fixed to the metal housing structure 53 through al- 
most any manner known in the art. Resultantly, all the 
system flexure is generated within the flexure plate 30. 
This generally increases reliability and robustness of the 
system 10. This, however, generates a non-linear output 
from the flexure plate 30, which will be discussed regard- 
ing the linear lookup table linearizer 68. 

[0029] a gas or vacuum environment is enclosed within the sen- 
sor 52 through the metal housing structure 53 such that 
there is no interference with the movement of the flexure 
plate 30 other than the acceleration of the system 10 
along a perpendicular axis. During acceleration, the flex- 
ure plate 30 flexes according to the reaction force of 
Newton"s second law of motion, force=mass x accelera- 
tion (F = ma), causing the distance between the flexure 
plate 30 and the fixed plates 32, 34 to vary, thus creating 
the two variable capacitors, one on each side of the flex- 
ure plate 30. 



[0030] The combination of the first fixed plate 32 and the flexure 
plate 30 forms a first parallel plate capacitor, and the 
combination of the second fixed plate 34 and the flexure 
plate 30 forms the second parallel plate capacitor. In FIG- 
URE 3, the equivalent capacitor for the first parallel plate 
capacitor is illustrated in broken lines as C , and the 
equivalent capacitor for the second parallel plate capacitor 
is illustrated in broken lines as C . 

2 

[0031] The capacitance of the parallel plate capacitors is deter- 
mined by 



C = (£ 0 A)/d. 



[0032] W here 



[0033] j S the permittivity constant, A is the area of a fixed plate 
32 or 34 (if I is the length of one side and the cross sec- 

2 

tion of the plate is square, then A=l )and d is the effective 
distance between the flexure plate 30 and one of the fixed 



plates 32, 34. 

[0034] The first fixed plate 32 is coupled to the metal housing 
structure 53 and positioned a first distance (d^ from the 
flexure plate 30. The first fixed plate 32 and the flexure 
plate 30 form a first capacitor whose operation is also 
governed by the equation 

C = (£ 0 A)/d. 

[0035] The capacitance of the first fixed plate 32 responds to 
movement of the flexure plate 30 when d i either in- 
creases or decreases, thereby generating a first charge 
displacement capacitance signal. 

[0036] The second fixed plate 34 is also coupled to the metal 
housing structure 53 and positioned a first distance (d^ 
from the flexure plate 30. The second fixed plate 34 and 
the flexure plate 30 form a second capacitor whose oper- 
ation is governed by the equation 



C = (£ 0 A)/d. 



[0037] The second fixed plate 34 responds to movement of the 
flexure plate 30 when 6^ either increases or decreases, 
thereby generating a second charge displacement capaci- 
tance signal. 

[0038] The distances (d i and d^ between the flexure plate 30 
and the fixed plates 32, 34 are a function of acceleration 
and are proportional or equal when the system 10 is at 
rest. Each fixed plate 32, 34 is connected to a respective 
transimpedance amplifier 22, 24, which generates a re- 
spective scaled voltage. 

[0039] The first fixed plate 32 is coupled to the first tran- 
simpedance amplifier 22, and the second fixed plate 34 is 
coupled to the second transimpedance amplifier 24. The 
two transimpedance amplifiers 22, 24 are coupled the dif- 
ferential amplifier 62, and the differential amplifier 62 is 
coupled to the time integrator 66, which is coupled to the 
LLT 68, which is coupled to the processor 14 (missile op- 
erations processor). The processor 14 is coupled to an ac- 
tuator 16, and to various system components 11, as well 
as thrusters and attitude control devices. 

[0040] The transimpedance amplifiers 22, 24 (current to voltage) 
generate the scaled voltage, which is received in the ana- 
log to digital (A/D) converter 64 at e= i R after passing 



through the differential amplifier 62. 

[0041] The embodied first transimpedance amplifier 22 includes 
components well known in the art. The various compo- 
nents of the first transimpedance amplifier include, but 
are not limited to, an amplifier 40, a virtual ground 41, 
and at least one resistor 42. The first transimpedance am- 
plifier 22 receives the charge displacement capacitance 
signal from the first fixed plate 32 and generates there- 
from a scaled voltage, which is proportional to d . 

[0042] The second transimpedance amplifier 24 receives the 

charge displacement capacitance signal from the second 
fixed plate capacitor and generates therefrom a second 
scaled voltage signal, which is proportional to 6^. The 
embodied transimpedance amplifier 24 is similar to the 
first transimpedance amplifier 22 and also includes an 
amplifier 43, a virtual ground 44, and at least one resistor 
46. 

[0043] The charge q on each capacitor is generated by the equa- 
tion q = CE, where E is the excitation from source 60 and 
C = C Q + ka, k being a scalar constant and a being the ac- 
celeration. As the system 10 accelerates along a sensitive 
axis (x for accelerometer 12, y for accelerometer 15, and 
z for accelerometerl7), the voltage on the capacitors is 



held constant. Under acceleration, the charge changes as 
the capacitors charge according to dq/dt = E dC/dt where 

dq/dt = i , and i is the capacitor current into the virtual 

g g 

ground 41 of the transimpedance amplifier 22. 

[0044] The scaled voltages are functions of the distances (d ( and 
d 2 )respectively. As the flexure plate 30 flexes, one capaci- 
tor increases and the other decreases, thereby causing 
one transimpedance amplifier 22 to increase the first 
scaled voltage and the other transimpedance amplifier 24 
to decrease the second scaled voltage. 

[0045] The accelerometer is excited with an DC source 60 at one 
end and grounded at the other. The ground 41 (and 44) is 
a component of the transimpedance amplifier 22 (or 24). 
The two capacitive legs (CI and C2) generate parallel 
scaled voltage signals that are received in the differential 
amplifier. 

[0046] The accelerometer 12 configuration reduces the tempera- 
ture sensitivity and the DC excitation allowing narrow 
band analog filtering, both of which enhance the signal- 
to-noise ratio. 

[0047] The present configuration reduces the bias error since the 
instrument is now DC coupled. The circuitry will be a pre- 
cision design utilizing high speed CMOS, as the accuracy 



required for performance will require low propagation de- 
lays. 

[0048] The voltage from the two parallel scaled voltage signals 
gives direct indication of the direction of acceleration. 
This output is gain adjusted if required in the differential 
amplifier 62. The sensor output, which is gain adjusted, V 
.represents a signal proportional to the time rate of 

dif 

change of acceleration. The voltage polarity generates di- 
rect indication of the direction of acceleration. 

[0049] The A/D converter 64 receives the differential amplifier 
signals and generates digital values, which are then time 
integrated in the time integrator 66 to generate accelera- 
tion. This output is a digital word whose magnitude is 
proportional to the acceleration of the system 10 in either 
direction along the perpendicular axis. 

[0050] The time integrator 66 performs signal integration in the 
digital domain after initialization, which may be predeter- 
mined at launch or in-flight. 

[0051] | n the digital linearizer and filter 68, statistical filtering of 
the data somewhere significantly above the maximum 
flexure frequency followed by a time integration of the 
digital signal is generated. This reduces the overall noise 
impact and the exact performance of this filter 68 is de- 



termined during, for example, development. This final 
output represents the integral Jda/dt of the acceleration 
of the flexure plate 30 from the initialization time. 

[0052] The digital word (time integrator signal) is filtered and lin- 
earized in the digital linearizer and filter 68 for manufac- 
turing and flexure non-uniformities. The filter is embod- 
ied, for example, as a multi-pole filter reducing noise to 
the required time domain level. The filter output is a digi- 
tal word having a magnitude proportional to the accelera- 
tion of the system in either direction along the perpendic- 
ular axis. The output of the linearizer 68 is an acceleration 
signal multiplied by a constant (k). 

[0053] statistical filtering of the linearized data above the maxi- 
mum flexure frequency also occurs in either the digital 
linearizer and filter 68 or the processor 14 to reduce the 
overall noise impact on the system 10. The compensation 
for the non-linearity of the flexure structure and overall 
transport error is compensated for by the linearizer and 
filter 68 whose values are established in manufacturing 
through sampling performance curves. 

[0054] The processor 14 receives the output signals from the ac- 
celerometers 12, 15, 17 and generates a derivative detec- 
tion signal and response thereto. The processor 14 is em- 



bodied as a typical missile or airplane processor, as is fa- 
miliar in the art. The processor 14 may include the differ- 
ential amplifier 62, the analog-to-digital converter 64, the 
time integrator 66, and the linearizer 68 or any combina- 
tion thereof. The processor 14 may also be a stand alone 
component receiving signals from the aforementioned 
components. 

[0055] The processor 14 also compensates for the non-linearity 
of the flexure structure and overall transport error by a 
digital corrector within the processor 14 having a value 
established in manufacturing by taking samples of perfor- 
mance curves. 

[0056] The actuator, here embodied as missile steering nozzle or 
vane actuators 16 receives the derivative detection signal 
or accelerometer signal from the linearizer 68 and acti- 
vates system components (e.g. object control devices) in 
response thereto. System components include for exam- 
ple, thrusters or attitude control devices. 

[0057] Referring to FIGURE 4, a logic flow diagram 100 illustrat- 
ing a method for acceleration control is illustrated. Logic 
starts in operation block 102 where power is applied to 
the system and the capacitive accelerometer 12, 15, or 17 
is activated. 



[0058] | n operation block 104, strategic alert biasing occurs and 

sensor data is compared to a known reference. 
[0059] | n operation block 106, the missile system 10 is launched. 

[0060] in operation block 108, the missile system 10 accelerates 
and the flexure plate flexes to either increase or decrease 
d i or d 2 for any of the three accelerometers 12, 15, or 17. 
The transimpedance amplifiers 22, 24, 26, 28, 30, 32 ac- 
tivate and receive signals from the fixed plate capacitors, 
which are generated in response to a change in either d i 
or d 2 for 12, 15, or 17. Notably, a change in d i will resul- 
tantly cause a change in d^. The transimpedance ampli- 
fiers, e.g. 22, 24 then generate scaled voltage signals in 
response to the fixed plate capacitor signals. The scaled 
voltage signals from the transimpedance amplifiers 22, 24 
are received in the amplifier 62 to generate a nonlinear 
overall frequency signal. 

[0061] in operation block 108, the overall frequency signal, i.e. 
the results of the acceleration, are time integrated in the 
time integrator 66, thereby generating an initialized time 
integrated signal. The time integrated signal is then lin- 
earized. This linearization is achieved through a linear 
lookup table (linearizer 68), or other linearization meth- 
ods known in the art. Data from the accelerometer(s) is 



processed by the missile computer/processor 14 or atti- 
tude controller. 

[0062] | n operation, a method for operating a capacitance accel- 
eration derivative detector system 11 includes accelerat- 
ing the flexure plate 30, thereby causing a first distance 
between the flexure plate and a first fixed plate to change 
and thereby causing a second distance between the flex- 
ure plate and a second fixed plate to change. A first vari- 
able capacitor signal is then generated, and a first scaled 
voltage signal is generated in response to the first variable 
capacitor signal. A second variable capacitor signal is 
generated, and a second scaled voltage signal is gener- 
ated in response to the second variable capacitor signal. 
An acceleration signal is generated in response to the first 
scaled voltage signal and the second scaled voltage sig- 
nal. 

[0063] This process is typically engaged when a missile is at rest, 
prior to launch, or in flight. 

[0064] prom the foregoing, it can be seen that there has been 

brought to the art a new and improved accelerometer sys- 
tem. It is to be understood that the preceding description 
of the preferred embodiment is merely illustrative of some 
of the many specific embodiments that represent applica- 



tions of the principles of the present invention. For exam- 
ple, a vehicle, such as an airplane, spacecraft, or automo- 
bile could include the present invention for acceleration 
control. Numerous and other arrangements would be evi- 
dent to those skilled in the art without departing from the 
scope of the invention as defined by the following claims. 



